Lumbar spine synovial cysts are benign growths adjoining the facet joints that may induce low back pain, lumbar radiculopathy and neurological deficit. However, they are not well defined concerning their origin, cause and pathology, as well as available treatment strategies. The scope of different surgical procedures includes image-guided epidural steroid injection, direct cyst puncture by percutaneous epidural needle, spinal canal decompression and cyst resection, and spinal bone fusion with/without instrumentation. Hereby, we report institutional experience and discuss surgical strategies of lumbar spine synovial cyst treatment. Presenting symptoms, imaging findings and outcomes were retrospectively analyzed in 15 patients with lumbar spine synovial cyst, operated on during a one-year period. The leading presenting symptom was lumbar radicular pain, while the most commonly involved vertebral level was L5-S1. In a great majority of patients, a single-level interlaminectomy and cyst resection were performed. Most patients recovered without postoperative neurological and functional deficit, as well as surgery-related complications. No poor outcome was noticed in our series. Concerning our results and literature review, the optimal management for patients with symptomatic lumbar synovial cyst has to be highly personalized, which is essential to achieve a favorable outcome. Nonetheless, the best treatment strategy has yet to be affirmed.
Introduction
Spinal synovial cysts are benign expansive cystic structures attached to the facet joint epithelium-lined capsule enclosing synovial fluid. Baker was the first to describe their formation in 1885, referring to the kneejoint 1 . In a considerable number of cases, lumbar syno-vial cysts may produce back and radicular pain, as well as lumbar radiculopathy and, on occasions, a neurological deficit 2 . Thus far, controversy goes on concerning their origin, cause, pathology and optimal treatment modalities.
Synovial cysts of the lumbar spine may be clinically dormant or asymptomatic and found incidentally, when the cysts are small 3 . However, epidural cystic growth into the spinal canal may produce compression of the adjacent neural structures and may be accountable for related presenting symptoms of which low back/radicular pain, radiculopathy and neurological deficit of various degree are most usual 2 .
Radiographically, the cyst is seen on spinal computed tomography (CT) scans as a calcified cystic lesion adjoining to a facet joint, which is commonly affected with arthropathy 4 . Hence, spinal magnetic resonance imaging (MRI) is a high-quality diagnostic tool of choice because of its ability to demonstrate the cyst relation to dural sac and neural structures of the spinal canal [4] [5] [6] [7] .
Symptomatic lumbar synovial cysts that are resistant to conservative treatment should be operated on 8 . Cyst resection and spinal canal decompression by interlaminectomy and medial facetectomy with/without spinal bone fusion and instrumentation continues to be suitable surgical strategies to avoid cyst relapse and to preserve spinal stability [8] [9] [10] [11] [12] [13] .
Hereby, we present a single-institution case series and discuss surgical strategies for the management of lumbar spine synovial cysts, based on the literature review and our experience gained during the last few years.
Patients and Methods
A case series of adult patients with symptomatic lumbar spine synovial cysts operated on during a oneyear period, between January and December 2017, was retrospectively analyzed.
Presenting symptoms and lumbar spine MRI showing a cystic epidural mass adjacent to the facet join with T-1 hypointensity and T-2 hyperintensity, and considerable dural sac and nerve root compression represented an indication for surgery.
All patients underwent clinical follow-up at varying times after surgery during a period of up to one year. The investigated variables were low back/radicular pain, functional disability, and management outcome. Visual analog scale (VAS) 14, 15 was employed to assess the intensity of pain in low back and legs at hospital admission, discharge and follow-ups. Oswestry Disability Index (ODI) was used to estimate preoperative, postoperative and follow-up functional disability 16 . It divides patients into five categories according to the percentage of disability they have reported (minimal -ODI 0-20%; moderate -ODI 21%-40%; severe -ODI 41%-60%; crippled -ODI 61%-80%; and bedbound -ODI 81%-100%). Odom criteria dividing accomplishment of surgery into excellent, good, fair and poor were utilized to assess the management outcome at follow-ups 17 .
The difference between investigated variables was statistically analyzed. Spearman's correlation (ƿ) was used as a nonparametric measure to test statistical dependence between two variables. On post-hoc analysis, t-test for dependent variables was used. The level of significance was set at p≤0.01. The SPSS for Windows, version 16.0 (SPSS Inc., Chicago, Illinois, USA) was used on statistical data analysis.
Results
The study group consisted of 15 patients operated on for symptomatic lumbar synovial cysts, eleven of them females and four males, mean age 56.3±11.1 years ( Table 1 ). The leading presenting symptom was low back/radicular pain of various intensity, which was recorded in all patients from our series. It was characterized as excruciating pain (VAS 8-10) in 12 out of 13 (92.3%) patients, while one (7.7%) patient reported moderate presenting pain (VAS 5). Pain intensity in low back and legs measured by VAS decreased in most patients, from the preoperative mean of 9.1 points to 1.8 points immediately after surgery and to 3.6 points at follow-ups ranging from 6 months to one year postsurgery. The difference between the intensity of preoperative and postoperative, as well as between preoperative and follow-up low back/radicular pain (VAS) was statistically significant (p<0.001) ( Table 2 , Fig. 1a,b ).
Other presenting symptoms consisted of sensory changes in the legs and feet including numbness and paresthesia that were recorded in nine (60.0%) patients, while lower extremity motor weakness (unilateral paresis) was recorded in five (33.3%) patients and urinary incontinence in one (6.6%) patient (Table 3) .
Spinal MRI T-1 and T-2 weighted sagittal and axial reformations were done in all patients prior to surgery (Fig. 2) .
The most commonly involved vertebral level was L5-S1, which was recorded in eight (53.3%) patients, followed by L4-L5 in six (40.0%) patients and L2-L3 in one (6.6%) patient (Table 4 ). Four (26.6%) patients had the same level lumbar disc herniation accompanying the cyst, while in one (6.6%) patient bilateral foraminal stenosis was found.
One patient underwent epidural steroid injection (ESI) prior to surgery due to obstinate radicular pain, but no percutaneous cyst puncture was performed.
In 14 out of 15 (93.3%) patients, single-level interlaminectomy and cyst resection was carried out (Fig. 3) . In one patient, laminectomy was performed due to bilateral foraminal stenosis. One patient had interlaminectomy previously performed due to disc herniation and underwent repeated surgery because of re-herniation and cyst formation. In this patient, reinterlaminectomy, facetectomy and single-level posterior bone fusion and transpedicular instrumentation were performed.
Intraoperative histopathology of the samples removed was consistent with fibrinous tissue suggestive of synovial cyst in all patients.
In all patients, postoperative spinal T-1 and T-2 weighted MRI demonstrated complete decompression of the dural sac and lumbar vertebral canal after resection of the synovial cyst.
All but one patient were successfully operated on and recovered fully with no postoperative neurological and functional deficit. In the remaining patient who presented with back pain, motor weakness and urinary incontinence, neurological deficit persisted post-surgery, while the nociceptive pain was reduced. No postoperative cyst recurrence was noticed in any patient.
The level of functional disability, measured by ODI scoring, diminished following surgery. Preoperative scoring indicated moderate disability (ODI 21%-40%) in ten (66.6%) patients, severe (ODI 41%-60%) and crippled (ODI 61%-80%) disability in two (13.33%) patients each, and bed-bound disability (ODI 81%-100%) in one (6.66) patient. Postoperative scoring disclosed minimal disability (ODI 0-20%) in 13 (86.6%) and moderate disability (ODI 21%-40%) in the remaining two (13.4%) patients. Follow-up scoring taken in the period between 6 and 12 months after surgery showed minimal disability (ODI 0-20%) in ten (66.6%) and moderate disability (ODI 21%-40%) in Fig. 1 (a 
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1 a 1 b the remaining five (33.4%) patients (Fig. 4) . The difference in the percentage of preoperative, postoperative and follow-up disability was statistically significant (p=0.01) ( Table 5 ). According to Odom criteria, the outcome at follow-ups was excellent in nine (60%), good in four (26.7%), and fair in two (13.3%) patients. No poor outcome was noticed in our series (Table 6 ). No complications related to surgery including cerebrospinal fluid (CSF) leak and and/or local or systemic infections, and no cyst relapses were recorded at follow-up ranging up to one year post-surgery.
Discussion
Epidemiologically, lumbar cysts usually appear during the sixth decade of life with a slight female predominance 7, 18, 19 , which is consistent with our results, since the patients in our series were predominantly females and middle-aged. A good number of authors report painful radiculopathy as a major clinical sign accompanying the cyst progression 13, 18 . Accordingly, the leading presenting symptom in our series was unilateral or bilateral low back/radicular pain of various intensity due to the cyst compression effect.
For the most part, the cysts occur in lumbar spine with a preference to L4-5 as the most affected level [3] [4] [5] 8, 20 . They may be situated unilaterally or bilaterally, at single or multiple levels 2, 8, 19 . The most commonly involved vertebral level in our series was L5-S1, which is somewhat inconsistent with literature data (Table 4) [3] [4] [5] 8 .
Computed tomography scanning and spinal MRI are the most appropriate imaging modalities for characterization of synovial cysts and preoperative planning 8 . On spinal MRI, a cyst appears as a well-circumscribed, extra-dural compressive lesion adjacent to a facet joint, having greater signal intensity than the surrounding CSF on T-2 weighted images ( Fig. 2) 5, 6 . Accordingly, all patients from our series underwent the same diagnostic MRI protocol, which was found fairly reliable.
There is a plethora of different treatment strategies for the management of lumbar spine synovial cysts. However, total cyst excision via small flavectomy as the least invasive approach should be considered surgical therapy of choice 13, [21] [22] [23] . Spinal fusion is also considered an option when spinal instability is concerned to avoid cyst recurrence 10 . The main surgical strategy in our series consisted of spinal canal decompression using facet-sparing minimally invasive techniques followed by total cyst excision ( Fig. 3) . One patient in whom the facet joint had to be partially resected by medial facetetcomy and who had previously been operated on due to lumbar disc herniation, underwent mono-segmental bone fusion and transpedicular instrumentation to evade possible postoperative lumbar spine instability.
Postoperative pain intensity in the low back and legs considerably decreased in most patients in our series. The difference between the intensity of preoperative and postoperative, as well as between preoperative and follow-up low back/radicular pain (VAS) was statistically significant ( Table 2 , Fig. 1a,b) .
The level of functional disability was markedly diminished from moderate to minimal disability following surgery. The difference in percentage of preoperative, postoperative and follow-up disability was statistically significant ( Table 5 ).
The outcomes were excellent or good in almost all of the patients in our series, which means that the majority of them were able to cope with most of their living activities following surgery ( Table 6 ).
The above findings justified spinal decompression and the appropriate synovial cyst removal as a surgical option bringing satisfactory results.
In conclusion, it seems that the best surgical management should be modified according to the symptoms and radiological findings, as well as functional status of the spine and patient comorbidities. Hence, surgery has to be highly personalized and individually designed for each particular patient, which is a prerequisite for satisfactory outcome to be expected.
At the end of this paper, we would like to address some limitations coming from its retrospective character and small number of patients in our series. Thus, supplementary research on a broader sample is mandatory to sustain our results.
